The influence of large signal modulation on photonic UWB generation based on a phase modulator is investigated. The scheme for monocycle generation has better tolerance to modulation distortion than that of doublet generation.
Principle
It is reported that a UWB monocycle can be generated by a first-order differentiator implemented by a PM, a section of polarization maintaining fiber (PMF) and a polarizer [3] , and a UWB doublet can be produced by a second-order differentiator implemented by a PM followed by a section of single-mode fiber (SMF) [4] , as shown in Fig. 1 . In the scheme of the first-order differentiator based on a PM, a lightwave from the laser diode (LD) is fiber-coupled to a PM through a polarization controller (PC), and the PM is driven by a Gaussian pulse train. The phase modulated signal is then sent to a section of PMF through another PC. A polarizer is followed for the phase modulation to intensity modulation (PM-IM) conversion. In the scheme of the second-order differentiator based on a PM, the lightwave from a LD is fiber-coupled to a PM driven by a Gaussian pulse train and then transmits through a section of SMF. In the monocycle generation scheme, the AC term of the photocurrent can be expressed as [3] 1 0
where is the phase modulation index, 0 represents the differential group delay of the PMF and u(t) represents a standard Gaussian pulse. Based on the Taylor expansion, we obtain (2), the first term stands for a Gaussian monocycle when 0 is sufficiently small, while the second and higher order terms represent nonlinear distortion.
To detect the information carried by the UWB signal, a correlation receiver should be used. The signal after correlating with an ideal monocycle can be written as
t u t u t u t w t dt
(3) where w(t) is the ideal monocycle, given by
where T 0 is the half-width of the Gaussian pulse.
In the doublet scheme, the SMF serves as a dispersive element for PM-IM conversion. To simplify the chromatic dispersion of SMF, small signal modulation assumption is usually adopted. Thus, the whole frequency response of the system is given by [4] where D is the chromatic dispersion of the SMF, z is the fiber length, is the wavelength of lightwave, and m is the angular frequency of the modulating signal. H PM ( )and H PD ( ) are the frequency responses of the PM and PD. From Eq. (5), a band-pass filter is obtained to shape the Gaussian pulse to a UWB doublet. However, when large signal modulation is considered, the response function becomes complex, since highorder components in the frequency responses of both the SMF and the PM should be considered, which would distort the generated doublet.
Simulation
Numerical simulation is performed to study the influence of large signal modulation on the two UWB generation schemes. Based on the experimental condition in [3] , the main parameters of the schemes are selected as follows: T 0 is 39 ps, 0 =20 ps, D 17 ps/nm/km and the length of SMF is 25 km. Curves of correlations between the generated and the ideal UWB signals, i.e. the curves of F( ), under different modulation indices are simulated as well. As shown in Fig. 3 , the monocycle scheme is more efficient than the doublet one since the correlation curves of the monocycle are generally higher than those of the doublet. In order to evaluate the modulation distortion, Fig. 4 shows the peak and the full width at half maximum (FWHM) of the correlation curves under different modulation indices. As can be seen, both the peak and FWHM of the monocycle change slower than those of the doublet, which indicates that the monocycle scheme has better tolerance to the modulation distortion. In addition, the increase of the modulation index would increase slightly the peak of the correlation curve for monocycle while decrease significantly that for doublet, showing again that the doublet generation scheme based on a PM is more sensitive to modulation distortion.
Conclusions
The influence of large signal modulation on two typical optical UWB generation schemes based on a PM for the generation of UWB monocycle and doublet was studied numerically. The monocycle scheme shows better tolerance to the modulation distortion than the doublet scheme. The study would be an important guidance to construct a UWB over fiber system with small optical to electrical conversion loss and small noise figure.
